districts of Rajshahi, Dinajpur, Rangpur, Bogra, and Pabna are particularly drought-prone. The aim of this work was to study the comparative effects of different concentrations of PEG (drought inducer) on growth characteristics and proline accumulation of five rice varieties and to develop a rapid and suitable screening protocol for rice against drought conditions.
Materials and Methods
The experiment was carried out during the period from January, 2015 to June, 2015 at USDA Biotechnology Laboratory and Laboratory of the Department of Biochemistry and Molecular Biology, Bangladesh Agricultural University, Mymensingh. Seeds of five rice varieties 5, 6, (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) were collected from the Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh. Sterilized mature seeds of five varieties of rice were inoculated into test tubes containing 10 ml MS medium with PEG at different concentrations viz. T 0 = 0% ( control or no PEG), T 1 = 1% PEG, T 2 = 2% PEG, T 3 = 3% PEG and T 4 = 4% PEG with three replication. Cultures were maintained at 25°C temperature under light. MSTATC software was used to analyze the data by ANOVA function.
Percentage of germination

Germination percentage = ×100
Shoot length, root length, shoot-root ratio, total fresh weight, total dry weight and turgid weight
At the 21st day, the seedling from the test tube was taken out with the help of forceps. Then shoot length, root length, were measured in centimeter by a graduated scale and total length was calculated from the recorded data. Shoot and root were weighted in gram by electrical balance in fresh, dry and turgid condition.
Relative water content
The leaves were cut, and the relative water content (RWC) was determined according to the procedures by Ghannoum et al. (2002) . The relative water content of leaf was determined as follows: RWC = (fresh weight -dried weight) / (fully turgid weight -dried weight) ×100 To determine the fully turgid weight, the leaves were kept in distilled water in the darkness at 4 0 c to minimize respiration losses until they reached a constant weight (full turgor, typically after 12 h). The leaf dry weight was obtained after 48 h at 70 0 C in an oven. Three replicates were obtained per treatment.
Proline determination
Free proline was extracted from the leaves of plants using aqueous sulfosalicylic acid. The filtrate (1 ml) was mixed with equal volumes of glacial acetic acid and ninhydrin reagent (1.25 g ninhydrin, 30 ml of glacial acetic acid, 20 ml 6 NH 3 PO 4 ) and incubated for 1 h at 100°C. The reaction was stopped by placing the test tubes in cold water. The samples were rigorously mixed with 4ml toluene. The light absorption of toluene phase was estimated at 520 nm using Pharmacia LKB-Novaspec II model spectrophotometer. The proline concentration was determined using a standard curve. Free proline content was expressed as mg/100g of plant parts.
Results and Discussion
The genotypes varied significantly for the percentage of germination, shoot length, root length, shoot-root ratio, total fresh weight, total dry weight, turgid weight, relative water content and proline accumulation.
Response among the varieties
The mean squares of rice varieties for the percentage of germination, shoot length, root length, shoot-root ratio, total fresh weight, total dry weight, turgid weight, relative water content and proline accumulation are highly significant. The highest percentage of germination was obtained in the variety Binadhan-10 (88.00%) which was significantly similar with the variety Binadhan-4 (85.33%) ( Table 1) .
Maximum value of shoot length (14.76cm) was obtained for the variety Binadhan-10 which was significantly higher than Binadhan-6 (14.34cm) ( Table 2) , whereas shoot length in Binadhan-6 and Binadhan-4 was indifferent. The lowest shoot length was observed for the variety Binadhan-5 (13.74cm). The highest root length was found in Binadhan-10 (4.860cm) and the lowest value was found in Binadhan-5 (4.136cm) which was significantly similar with Binadhan-4 (4.282cm) ( Table 2 ). The root length of all upland rice varieties exhibited significant reduction at the highest drought level as compared to control. Reduction of root length under stress conditions may due to an impediment of cell division (Fraser et al., 1990) . The highest shoot root ratio was found in Binadhan-4 (3.361) which was significantly similar with Binadhan-5 (3.359). The lowest value was found in Binadhan-10 (3.037) followed by Iratom-24 (3.057), Binadhan-6 (3.137) ( Table 2) . The highest fresh weight, dry weight and relative water content was obtained in the variety Binadhan-10 (Table 3 ). The highest total turgid weight was found in Binadhan-6 (0.3582g) which was significantly similar with Binadhan-10 (Table 3) . Maximum weight of proline content was obtained for the variety Binadhan-6 (9.988mg) which was similar to Binadhan-4 (9.845mg) ( Table 4) . Proline accumulates under stress also supplies energy for survivor and growth and thereby helps the plants to tolerate stress condition (Kumar et al., 2011) .Thus, the ptoline content is a good indicator for screening drought tolerant varieties in water stress condition (Bayoumi et al., 2008; Kumar et al., 2011; Rahdari et al., 2012) .
Effect of different treatments
Mean square of different concentrations of PEG (T 0 = 0% (control or no PEG), T 1 = 1% PEG, T 2 = 2% PEG, T 3 = 3% PEG, T 4 =4% PEG) were highly significant. Under control condition (0% PEG), the highest percentage of germination, shoot length, root length, shoot-root ratio, total fresh weight, total dry weight, turgid weight and relative water content was recorded (Table 5 , 6, 7). Govindaraj (2010) was revealed that severe drought (PEG-induced) stress can negatively affect germination percentage. Among the different treatments of PEG, MS medium supplemented with 4% PEG that was found the most effective for proline content (14.583mg). The accumulation of proline was higher under water stress treatment than the control treatment for all the rice varieties (Table 8 ).
The lowest value of germination percentage, shoot length, root length, shoot-root ratio, total fresh weight, total dry weight, turgid weight and relative water content was recorded for the treatment of 4% PEG but the lowest value of proline content was recorded for the treatment of 0% PEG. Luma et al. (2011) revealed that PEG at high concentrations (6 & 9%) caused a significant decrease in callus fresh weight compared with control.
The lowest value of relative water content was recorded for the treatment of 4% PEG but the lowest value of proline content was recorded for the treatment of 0% PEG. Our results are in accordance with previous studies, water relation decreased in all plant species in response to drought condition such as Wheat (Siddique et al., 2000) , Hibiscus rosasinensis (Egilla et al., 2005) , Plantago ovata and Plantago psyllium (Rahimi et al., 2010) and chickpea (Rahbarian et al., 2011 ). Luma et.al (2011 was showed a significant increase in callus proline along with increasing PEG concentrations. The highest content of proline was observed at 9% PEG. 
Interaction effect of varieties and treatments
The effect of interaction between varieties and treatments differ significantly on germination percentage, shoot length, root length, shoot-root ratio, total fresh weight, total dry weight, turgid weight, relative water content and proline accumulation ( on MS medium supplemented with 0% PEG. The lowest root length was observed for Binadhan-5 that was treated with 4% PEG. The shoot-root ratio varied from 2.93 to 3.920 (Figure 1: I) . Maximum shoot-root ratio was recorded for Iratom-24, when seeds were cultured on MS medium supplemented with 1% PEG. The lowest shoot-root ratio was observed for Binadhan-4 that was treated with 4% PEG. The lowest fresh weight, dry weight and turgid weight was observed for Binadhan-4 that was treated with 3% PEG which was significantly similar with 4% PEG. The proline content varied from 3.913mg to 15.427mg (Figure 1: F) . Maximum proline content was recorded for Iratom-24, when seeds were cultured on MS medium supplemented with 4% PEG. The lowest value of proline content was recorded for Binadhan-10, when seeds were cultured on MS medium supplemented with 0% PEG. After 15 days, variation among the varieties for MS medium supplemented with 0% PEG and 4% PEG (Figure 2 ). 
Conclusion
For the percentage of germination, Binadhan-10 performed the best followed by other varieties at control condition (0% PEG) and even Binadhan-10 also performed the best at 3% and 4% of PEG treatment. Similarly, it also showed that Binadhan-10 performed the best for length of root and shoot, total fresh weight, total dry weight under severe treatment (4% PEG). But the variety Binadhan-10 did the best for turgid weight under 3% PEG treatment. The highest relative water content was recorded for the variety Binadhan-10 under control condition (0% PEG). The highest proline content was observed in the variety Binadhan-6 under 4% PEG treatment. Considering all the parameters for all varieties when raised in vitro upto seedling stage without any drought stress (0% PEG ), it was found that the variety Binadhan-10 showed the best performance in all cases. Similarly, the variety Binadhan-10 was performed the best even against the highest degree of drought stress because of its tolerancy nature.
